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KOIUSWOUD 


Tills sixth Hcminniiual prtigresa report aummuri.'jes work performed 
for the National Aeronautics ami Space Administration by the Science 
Research Center at Hard in- Simmons University supported by NASA Grant 
NGR 44-095-001, and covers the period January 1, 1975 - June 30, 1975. 

This report includes a microbial population profile of mixed 
Cape Canaveral soil samples. During this investigation a few organ- 
isms were isolated which exhibit the ability to grow at 3°C, 32®C, 
and 55“C. Growth curves are shown for three of these Isolates, one 
of which grows extremely well at all three temperatures. 

Also Included in this report are studies dealing with growth 
of soil populations at zero and subzero temperatures. Results 
indicate growth at 0®C and -5°C, but not at -15“C or -65°C. The 
effect of storage temperature on dry soil also presented herein 
and results show that psychrophilic populations decrease when soil 
is stored afc room temperature, but do not decrease when soil is stored 
at -65°C. 

Results of another experiment with the simulated Martian environ- 
ment are also presented and indicate that non-sporeforming rods, spore- 
forming rods, and cocci can reproduce in the simulated environment 
when nutrients and moisture are supplied, The sporeforming rods are 
the predominant survivors when dry soil is subjected to this environ- 
ment. i 


The NASA Technical Officer for this grant is Lawrence B. Hall, 
NASA Planetary Programs, Code SL, Washington, B.C 
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POPULATION PROFILE OF SOIL 
ISOLATES FROM CAPE CANAVERAL 


Prt'vloun pruKreKH reports from HArdln-*S InmonM University dealing 
with psyrlirophi I Ic populations trom Cape Canaveral soil a.i 0 plas have 
shown that these soils do contain paychrophll Ic microorganisms In sig- 
nificant populations. These previous Investigations have dealt only 
with populations which were originally isolated at 7”C; therefore the 
results Indicate only a partial characterization ot the Cape Canaveral 
soils. The objective of this present Investigation was to perform a 
more complete population chacterlzatlon with Initial Isolations 
being performed at different temperatures, aerobically and anaerobically. 

Fresh soil samples were obtained from Cape Canaveral and included 
samples from the VAB, SAEF (1 and 2), launch complex 41, and the fuel 
storage area. Equal portions of these were mixed to yield the mixed 
Cape Canaveral soli used In tnls analysis. Duplicate 10-gram soil 
samples were diluted and processed as shown in Figure 1. Immediately 
following the first dilution, the samples were divided, with half 
being non heat-shocked and the other half being heat-shocked. These 
were then diluted using a lOX dilution scheme, with all dilutions 
being replicate plated so that duplicate plates were incubated aero- 
bically and anaerobically at 3®C, 32*C, and 55®C. Counts were 
performed on the 32®C and 55®C after 48 hours and the 3®C after 
three weeks. The results of these counts are shown in Table 1. 

These results c'*e consistent with our previous work on Cape Canaveral 
soil samples, although this was our first attempt to selectively assay 



Replicate C^PE Canaveral Mixed 
Soil Samples 


Dilutions 



Aerobic and Anaerobic Incubation 

AT 



yZ 32"C 55“C 



Counts 


Individual Colonies Transferred to 
^ TSA Slants 

Each Colony Subcultured At 
Vj 32°. and 55°C and in 
The Opposing Atmosphere At 
The Original Isolation Temperature 


2 


FIGURE 1. Schematic demonstrating procedures for population 

PROFILE STUDY OF MIXED CaPE CANAVERAL SOIL SAMPLES. 
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Treatment 

ATMOSPlIERf 

Umperature 

Count 





1 

1 

3'C 

2.7x10’ 

1 

1 

Aerobic 

32’C 

6.6xl0‘ 

Non 


55*C 

4,0x10’ 

Heat- 

Shocked 

Anaerobic 

3*C 

32*C 

3.9x10’ 

5.1x10’ 

j 

1 

55*C 

6.8x10’ 

1 

1 

3*C 

2.1x10’ 


Aeooeic 

32“C 

8.9x10’ 

1 

Heat- 


55“C 

2.2x10’ 

Shocked 


3"C 

<1.0x10’ 

1 

' Anaerobic 

32“C 

1.8x10’ 




55“C 

2.4x10’ 


TABLE 1. Counts of mixed Cape Canaveral soils incubated under 

VARIOUS CONDITIONS (PER GRAM OF SOIL). 
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tht> tlu*nBO(>hl Itf ■ And .niaarobfn . 

After countH were recorded Individual colonlea were transferred 
from platea having 30> <00 colunlea to four TSA alanta. Theaa alanCa 
were Incubated at all three temperatures and In the oppoalce atmos- 
phere at the original Isolation temperature. After the prescribed 
Incubation time the slants were observed for growth or no growth 
and the results recorded. By performing such a study It waa possible 
to calculate the percentage population distribution of various types 
of microorganisms, and these results are shown In Table 2. The 
column showing percent of the total population gives the general 
dlatrlbutlon of the major cypea of organisms In Cape soils. Total 
population In this study la defined by the conditions of the In/est- 
Igation; that Is, recovery In TSA at 3”, 32*, and 55*C aerobically 
and anaerobically. Psychroph t 1 es , mesophlles, and thermophlles are 
defined as chose chat grow only at their respective temperature 
f^*C, 32*C, and 55*C respectively). Facultative organisms grow at 
more chan one cf the temperatures. For example, facultative psychro- 
phlles grow at 3*C and 32*C. A significant fact seen In this table 
Is that more than 95Z of the Isolates do grow at ?2"C. 

The remaining columns In Table 2 deal with the population distri- 
bution based upon oxygen requirements. The results show that the 
majority of the Isolates grow aerobically with only 7.6X of the non 
heat-shocked population being obligate anaerobes and 2.2Z of the heac- 
ahocked population being obligate anaerobes. It Is significant to note 
that this studv revealed no obllgately anaerchic psychrophlles capable 


of surviving heat-shock. 
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Non Heat-Shocked 



X OF Total 

X 

X 

X 

Organism IyP £ 

f fl£Ui-AT Um 

Aerobes 

.FaculTAI I YL AnALROBLIi 

PSYCHROPHILES 

l.M 

0.6 

0.3 

0.6 

FACULTATIVE 

PSYCHROPHILES 

32.7 

2.4 

26.7 

5.5 

MESOPHILES 


12.5 

26.0 

2.8 

FACULTATIVE 

THERMOPHILES 

8.2 

7.2 

0.7 

0.3 

THERMOPHILES 

1.1 

0.6 

0.4 

0.1 

OMNIPHILES 

3.^1 

0.6 

2.5 

0.3 

NO GROWTH 

ON SUBCULTURE 

11.9 

- 

- 

- 


Heat-Shocked 




1 OF Total 


X 

X 

Organism Type 

POPULATI jN 

Aerobes 

Facultative 

Anaerobes 

PSYCHROPHILES 

1.0 

0.6 

0.4 

0.0 

FACULTATIVE 

PSYCHROPHILES 

8.4 

6.2 

2.2 

0.0 

MESOPHILES 

43.7 

20.0 

23.2 

0.6 

FACULTATIVE 

THERMOPHILES 

10.8 

6.9 

3.3 

0.6 

THERMOPHILES 

3.7 

2.4 

0.4 

0.8 

OMNIPHILES 

2.0 

0.6 

1.2 

0.2 

NO GROWTH 

ON SUBCULTURE 

30.4 

- 

- 

- 


TABLE 2. PopU'.ATiON distribution of various types of organisms 

ISOLATED FROM HE.sT-SHOC.KED AND NON HEAT-SHOCKED LAPF CANAVERAL 
SOIL SAMPLES (GIVEN IN PERCENT). 



6 


Hy knowing th» totni po|>uiatlon of a aampia (calculated from 
Table I) and the percentage dlatrlbutlon of the varloua typea of 
organlama (Table 2 ), It ia poaalble to calculate the load of each 
t /pe of organlam In the aamplo, and these results are presented in 
Table 3. For presentation In this table, all organisms capable of 
growth at 32*C are grouped together, and thla makes up the majority 
of the population. In a percentage basis then, the psychrophllea , 
thermophlles, e id anaerobes make up a small portion of the total 
population; but when thla Is calculated to give cells (or colony- 
forming units) per gram of soli, these populations appear to be 
much more significant. This Is especially true when consideration 
la being given to probable contamination of planets. It appears 
worthwhile to consider performing a si-^ilar population distribution of 
air samples from Inside spacecraft assembly areas to determine If the 
distribution Is similar to that found i.n the soil. 

Prellmit.ary resultb on organisms which grow a_t 55*C 

In perfonilng the Investigation described above. It was observed 
that some Isulsteo appeared to grow at ail three of the designated 
temperatures. On the original population survey a total cf 34 such 
Isolates were found. Because of lack of a group designation and be- 
cause of their wide temperature range we have tentatively called these 
"omnlphlles" until a better term Is suggested. Because these were 
only recently Isolated we have had very little time to work with them 
at the time of writing of this report, but preliminary results will 
be presenteo nere. All 34 Isolates were streaked orti blates to 
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Non Heat-Shocked 


Organism Type 

Total 

Aerobic 

Facultative 

Anaerobic 

obligate 

psychrophiles 

3.8x10’ 

1.6x10’ 

0.8x10’ 

1.6x10’ 

MESOPHILES ^ 
FACULTATIVES 

5.6xl0‘ 

1 . 5x10’ 

3.7x10’ 

4.6x10’ 

OBLIGATE 

THERMOPHILES 

‘(.‘IxlO’ 

2.4x10’ 

1.6x10’ 

4.0x10’ 



Heat-Shocked 



Organism Type 

Total 

Aerobic 

Facultative 

Anaerobic 

OBLIGATE 

PSYCHROPHILES 

2.1x10’ 

1.3x10’ 

0.8x10’ 

0 

MESOPHILES + 
FACULTATIVES 

5.8x10’ 

3.0x10’ 

2.7x10’ 

1.2x10’ 

OBLIGATE 

THERMOPHILES 

8.1x10’ 

5.3x10’ 

8.8x10’ 

1.8x10’ 


TABU 3. COUMTS CF various types of organisms isolated from mixed 
Cape Canaveral soil samples (per gram of soil). 
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dcteimlne purity of the culture, and these were again placed at all 
three temperatures wh" purity was confirmed. At this time only 10 
of the original 34 have repeated the ability to grow at all three 
temperatures, but work is still in progress with the others. During 
this investigation, it has been observed that some of the isolates do 
not grow in 7SB at high a.id/or low temperatures. Turbidity studies 
have been performed on five of these isolates: one of them failed to 
grow at 3*C, tnree grew at 3*C only sparsely, and cue grew very well 
at 3*C. All five grew well at 32* and 55*C. The results of three of 
these isolates are shown in Figures 2, 3, and 4. Figures 2 and 3 
indicate slight turbidity at 3*C, and visual observation of the flasks 
shows very fine particles of growth with little gross turbidity. 

Figure 4 shows good growth at 3”C after three weeks with turbidity 
being greater chan 40 hours at 55* or 32*C. All three isolates show 
32*C to be tne optimum growth temperature. Isolate G-38B is a small 
spore-forming rod, exhibiting similar morphology at all three tem- 
peratures. The other two are small rods, but spores have not yet been 
detected . 

Detailed stvUca of these unusual isolates has recently been 
initiated. They will be studied in detail and results will be pre- 
sented in our next report. 

B. Population Changes of Mixed Cape Canaveral Soil S amples Stored in 
TSB at Various Low Temperatures over an Extended Time Period 

An experiment was performed to determine if soil populations 
could incre^efc ■. t 0*C or subzero temperatures wher supplied with 



55*C 



FlfURE 2. Response of KSC soil isolate A-28 at three different temperatures. 




OoSS 



FIbURE 3. Response of KSC soil isolate C-16 at three different temperatures. 
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FIGURE 4. Response of KSC soil isolate G-33B at three different tehperatures . 
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sufficient nutrients. In this procedure, replicate 0. 25-gram soil 
samples were weighed Into vials, 0.23 ml TSB was added, and the vials 
were atored at 0*C, -5*C, -15*C, and -65*C. Duplicate vials were re- 
moved approximately every two weeks, diluted, and plated In duplicate. 
Plates were Incubated at 7*C and read after 14 days. At the time of 
this writing, this Investigation had covered 112 days and Is still 
In progress. The results of this Investigation are pr<!sented In 
Table 4. At 0*C the population Increases rapidly and at this time 
has maintained approximately Its maximum population. At -5*C there 
appears to be significant growth after 77 days, which is followed by 
a decline. At -15*C the counts are variable, but the population 
never Increases one log, and the changes are not considered significant. 
At -65*C the population Increases at about 44 days, then remains 
constant. It was at this point that the -65*C vials had to be moved 
to another freezer to facilitate defrosting of the -65“C incubator, 
and it Is felt that the slight increase may be attributed to this. 

Again, however, the Increase Is never as much as one log and is 
considered insignificant. In summary, it appears that the populations 
do Increase at C“C and -5®C, but not at -15*C or -65*C. 

C. Effect of Storage Temperature on Various Populations in Mixed 
Cape Canaveral Soil Samples 

Because many of our studies and the studies of others in this 
field deal with various population analyses of soil samples, we 
are Investlgatirg the effect of storage temperature on populations 
in soil sam7:.es from Cape Canaveral. Replicate samoles of mixed 
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Cnp«* CaiiNveral ■oHh wit<> placed Into ulerlle plaatlc conlalnara with 
aiitlKht llilb. These were then atored at room temperature and -6^*C 
with duplicate Hemplea belnK removed and counted every month. Counta 
were performed at 3*C, 12*C, and 55*C. The current resulta of this 
Btudy are shown In Figures 5 and 6. Figure 5 Is a mesophlllc count 
and demonstrates that storage at 2A*C causes a slight initial Increase 
during the first 30 days, but shows no change during the next four 
months. Storage at -65”C causes a slight Initial decrease which 
then becomes stationary. 

Figure 6 shows the psychrophll Ic and thermophilic counts of 
soils stori'l at 24*C and -65*C. There Is no significant difference 
In the thermophilic counts at the two storage temperatures, but the 
psychrophlles show a declining population In the sample stored at 
24*C. The poychrophll Ic count of soil stored at -65“C Is unchanged 
after five months of storage. 

These are only partial results as this Investigation Is still 
In prov'eaS. Further results well be shovm In our next report. 

D. R€ covery of Survivors from Mixed Cape Canaveral Soil Samples 
af ter Exposure to the Viking Dry Heat Cycle 

In some of our previous work (Report 5), we had been concerned 
with the recovery of hardy organisms from the Teflon ribbon experi- 
ments In which the heated ribbons were subjected to spacecraft condi- 
tions. These consisted of N 2 gas (5 Inches water pressure) fol- 
lowed by 10~^ Torr vacuum followed by storage In the simulated 
Martian environment at 10*C. Recovery medium was then added to 
the ribbons after exposure to these spacecraft conditions. That 
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FIGURE 6 . Survival of psychrophilic and thermophilic KSC soil populations while 
STORED IN A CLOSED CONTAINER AT •*■24*0 AND -65 C. 



Invest ItaClon indicated that epacacraft conditions night lower the 
recovery rate of hardy organisms, bi.i. the nuaber of aamplaa and the 
were too aaall to place a great deal of confidence In the reaulta 
For thla reeaon we parfomed a similar study In which we subjected 
0.1 gram replicate Cape Canaveral soil samples to the Viking dry 
heat cycle. In doing this study, we used the ovens at the JPL- 
Planetary Quarantine Lab at Cape Canaveral. Recovery of hardy 
organlsoM was performed by adding buffer to the vials, sonicating, 
and platlug the total volume ot buffer. Replicate samples were 
plated Inmeulately after heating, aerobically and anaerobically. 
Other samples were subjected to spacecraft conditions prior to 
recovery. Fheae results are presented In Table 5. . comparison of 

aerobic recovery to recovery after exposure to spacecraft conditions 
shows that there la a decrease in the recovery of hardy organisms 
after exposure to spacecraft conditions, and this decrease Is sig- 
nificant at the 0.05 probability level. 

The JPL-PO lab has recently installed a second dry-’ ''at oven, 
and during thla Investigation we ran repllcati samples In oven A and 
oven B to determine If there were dlfferencer in their heating 
characteristics. Replicate samples were saeayei aerobically and 
anaerobically. The results shown In Table 5 Indicate that there Is 
no significant difference in the thermal chara 'terlstlcs of the 
two ovens. Thla is In agreement with results found by other Invcstl 
gators . 

The anaerobic assays in this Investigation we'e performed to 
determine If i.iv hardy survivors were obligate anaerobes. Of these 



Recovery Statistical Test Tq.os 

Condition Oven A Oven B Theoretical Calculated Significant 
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Nurvivnrt cxaained, nil wer« tacultaclva «n«arobcN. 

/ 

E. Raapona a of Mlxad Cape ra ii avaral Soil Saaplas to tha Slaulatad 
Martian Envlronaant 

In pravlouH raporta we have preaanted raaulta of varloua axpar- 
Imcnta dealing with growth of organiama in the simulated Martlaii 
environment. We were aaked to report thia with fresh, mixed Cape 
Canaveral soil aamplea, and atndy the general populctlon *hangea 
*^hroughout the experiment. These results using various variLblaa 
are presented In Figures 7-1 A. The growth patterns themselves 
follow the typical •'esultH which we have presented previously, i.e. 
given molsCurG and nutrients the populations will increase in the 
simulated Martian atmosphere; In a dry system the population is 
unchanged as fcr as total count. 

In studying the changes of individual populations, the organisms 
were grouped into one of three groups, the non-sporeformlng rods, the 
Bacillus npp., and the Cram ♦ cocci. Figure 8 shows that when the 
soil population increases, the increase appears to be attributable to 
all three groups, with the non-sporeformlng rods yielding the greatest 
increase in the last few days. The simulated anvlro.iment with incu- 
bation at constant 24*C (Figures 9 and 10) also shows an increase in 
population, but it drops faster than the freeze-thaw incubation 
(Figure 7). Again a! 1 three populations appear to respond in similar 
faehion. Figure 11 shows that the total population is unchanged in 
the dry atmosphere, but Figure 12 shows that boti; the non-sporeforming 
rods and corri oecllne whereas the Bacillus group remains stationery 
or increases ji .ghtly. Figures 13 and 14 a' jo indicate that the 





NON SPOREFORNiING RODS I BRCULUS Spp I GRAM^COCCl 
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suoAiAuns JO mowoN ooi 


00 


DAYS IMCUIATIOM 

FIGURE 11. Response of Cape Canaveral soil populations to a simulated environment of 
99.92 CO 2 AND O.IZ O 2 at7mb pressure during an alternating freeze-thaw cycle of -65 C 
FOR 16 HOURS AND +24’C FOR 8 HOURS. 



NOM SPOREFORMING RODS BACILLUS Sm. GRAM4C0CCI 



FIGURE 12. Population changes of various bacterial groups in a simulated Martian 

ENVIRONMENT. 
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DAYS laCUlATIOM 

FIGURE 13. Response of Cape Canaveral soil populations to a dry environment when 
INCUBATED AT A CONSTANT 24* C FOR 45 DAYS. SIMULATED ATMOSPHERE BEING 99. 9Z CO 2 AND 
O.IZ 0, AT 7 MB PRESSURE. 
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Bacill us group is the surviving population In a dry snvlronMnC. 

In comparing all of thsse graphs It appaars that tha populations 
In the slmulatsd anvlronmant are lowar than those In tha amblant 
envlronmant, but they follow the same basic pattern of growth. It also 
appears that the freeze-thaw cycle allows the population to Increase 
over a longer period of time than does Incubation at constant 24*C. 

P. Effect of Pressure on Changes In Soil Populations 

In working with the simulated Martian environment, we were 
uncertain of the need for reducing the pressure to 7 mb. An experiment 
was performed to determine the effects of pressure and the results are 
shown In Figure 15. At constant 24*C there appears to be no difference 
in reduced vs. ambient pressure; but when using the freeze-thaw cycle 
there Is a difference which Is significant at the 0.05 probability 
level. In future experiments then, we will continue to reduce the 
pressure In the simulated Martian environment to 7 mb. 

C. Plans for Future Work 

This report has demonstrated the presence of a group of organisms 
which have not previously been Investigated In detail. The omnlphlles, 
or those organisms capable of growth over broad timperatura ranges 
(3*C - 55*0, may have special significance to planetary space flights 
because of their adaptability to various temperatures. For this 
reason, we will Investigate these In detail In an attempt to better 
characterize them. Planned experiments Include a derail temperature 
profile to determine their maximum, minimum, and optimum temparaturaa; 
biochemical characteristics at different temperatures’ heat reslatance; 



COISTART 24*C I FREEZE-TNAW 



DAYS INCUBATION 

FIGURE 15. Response of soil populations to effects of reduced pressure on growth 
Ambient pressure is atmospheric pressure and reduced pressure is 7 mb. 
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•nd other lnv«aClK*tlons . 

Another Inveetlgetlon recently begun In our leb Includee the 
enaeroblc utlllxatlon of phoaphlte and/or phoephlne. Thle hae epeclel 
algnlflcance In relation to exploration of Jupiter. Prellainary 
reeulta indicate an iaolate capable of utilizing phosphite anaer- 
obically. This work has only recently begun and we plan to perfom 
detailed inveatigations to demonstrate that this isolate ie indeed 
utilizing only phosphite. Similar studies will also be performed 
for utilization of phosphine. 

Other future activities Include continued study of psychrophiles 
and anaerobea from planetary spacecraft environments. 



